A novel composite matrix polymethacrylic acid-grafted Chitosan/Bentonite (PMAA-g-CS/B) was prepared through graft copolymerization reaction of methacrylic acid and chitosan in the presence of bentonite and N,N'-methylene-bisacrylamide as cross linker. The composite was well characterized using FTIR, XPS, SEM, TG/DTG, surface area analyzer and potentiometric titrations. The adsorption behavior of the composite towards Pb(II) from water and simulated battery manufacturing wastewater was studied under varying operating conditions. The kinetics of adsorption as well as adsorption isotherms at different temperatures was studied. Adsorption-desorption experiments over four cycles illustrate the feasibility of the repeated uses of this composite for the extraction of Pb(II) from aqueous solutions.
INTRODUCTION
have been developed for the removal of heavy metals from water and wastewater. Among these, adsorption has emerged as the front line of defense, especially for metals which cannot be removed by other techniques 6 . Among them, adsorption is widely applied due to its lower cost, high efficiency, simple design, and strong operability 7 .
Chitosan (CS) which contains -1,4-linked glucosamine repeating units, is the third most naturally abundant natural biopolymer next to cellulose and chitin. Its unique properties of biorenewability, compatibility, degradability and non toxicity. It is easily amenable to modifications, which can be achieved by chemical, physical and enzymatic methods 8 . The modifications are achieved due to the presence of -OH and -NH 2 backbones. The chemical modifications such as quarternization, N-alkylation, thiolation and glycations was done on the free amino moieties thereby reduce the solubility of CS 9 . The use of materials with surface functional groups, such as carboxyl group shows improved selectivity for the removal of heavy metals in aqueous systems. The objective of this work is to determine the feasibility of using PMAA-g-CS/B composite matrix as an adsorbent for the removal of Pb(II) ions from water and nuclear industry wastewater. It was proposed to take advantage of the cation exchange capacity of the carboxyl group from the adsorbent surface to remove Pb(II) ions from aqueous solutions.
MATERIALS AND METHODS
Analytical grade chemicals were used through out the investigation. Aqueous standard solution of Pb(II) was prepared by dissolving an accurately weighed amount of Pb(NO 3 ) 2 (Fluka) in distilled water so as to yield a metal ion concentration of 1000 mg/L. The methacrylic acid (MAA) was obtained from Fluka, Switzerland. Analytical grade potassium persulfate (KPS), and N,N ' -methylenebisacrylamide (MBA) were procured from E-Merck, India. Ltd. Chitosan was purchased from Central Institute of Fisheries Technology, Kochi, Kerala. Clay used for this work is natural bentonite clay obtained from M/S Ashapura Clay Mines. All the required working solutions are prepared by diluting the stock solution with distilled water. The concentration of Pb(II) was determined by Atomic Absorption Spectrophotometer. The amount of Pb(II) sorbed was calculated from the difference between the initial concentration and the equilibrium one.
Instrument/ Apparatus
IR spectra of the adsorbent materials were taken by using a Perkin Elmer 1800 model IR spectrophotometer. TG-DTA analysis was done by using a Metler Toledo Thermoflex instrument. pH measurements were made on a µ processor Systronic pH meter (model 361), XRD patterns of the samples were done using Siemens D 5005 XRay unit. SEM analyses of the samples were done using a Philips XL30 CP Hitachi Scanning electron microscope. The electrophoretic mobility measurements, µE, were carried out using a Zeta Meter system 3.0 Plus (Zeta Meter Inc., USA). Surface area was measured by low temperature nitrogen adsorption and the data were interpreted using BET equation. The nitrogen adsorption tests were carried out in a quantasorb surface area analyzer (model Qs /7 ) at 77 K. A temperature controlled water bath shaker (Labline shaking incubator) with a temperature variation of ± 1°C was used for equilibrium studies.
Adsorbent Preparation
CS was the starting material for the preparation of PMAA-g-CS/B composite. 5.0 g of CS in 30 mL distilled water is taken in a three neck round bottom flask, and MAA (15 ml) was added to it. The content was stirred well using magnetic stirrer for 15 minutes. 2.5 g of bentonite soaked into 15 mL water containing 0.75 g N,N'Methylenebisacrylamide and the resultant mixture kept under N 2 atmosphere was then refluxed at 60 °C for 3 h using KPS as initiator .The polymer obtained after cooling was collected, and then washed with distilled water until it is free from homopolymer. The product was dried at 60 °C and then sieved using 80 -230 mesh to get an average particle diameter of 0.096 mm. The obtained material was used for further studies.
Experimental procedure
A stock solution of 1000 mg/L lead was prepared by dissolving appropriate quantity of Pb(NO 3 (1) where C 0 and C e are the initial and equilibrium Pb(II) concentrations (mg/L) respectively, m is the mass of PMAA-g-CS/B (g) and V is the volume of the solution (L).
RESULTS AND DISCUSSION

Adsorbent characterization
The IR spectra of CS, PMAA-g-CS/B, and Pb(II)-loaded-PMAA-g-CS/B are shown in Figure  1 (A). The functional group of chitosan such as amino and hydroxyl group are very important for adsorption. The peak involved at the wave number 3500.8 cm -1 is due to the presence of -NH 2 and H bonded -OH group in chitosan. The peak at 1091.7 cm -1 corresponds to the symmetric stretching of -C-O-C-stretching. After CS was cross linked with MAA, the spectrum exhibits many alternations. The wide absorption band at 3500.8 cm -1 corresponding to the stretching vibration of -NH 2 and -OH group in CS shows a significant change to higher wave number. The band at 1695 cm -1 corresponds to C =O confirms the presence of MAA in the polymer composite. The peak at 1392.6 cm -1 corresponds to -C-N group. An obvious change in the peak position and intensity at 900 -500 cm In CS, XRD pattern, the two strong peaks in the diffractogram of chitosan at 2¸ at 9.34°, 19.80°, their crystal lattice constant corresponding to 8.470 and 4.075. The peak at 2 about 19.8° is attributed to the allomorphic tendon form of CS, which resulted in a strong decrease in sorption capacities (10) . However, the peak found at 9.34°, in the diffractograms of PMAA-g-CS/B was disappeared, this indicates that polymerization decreases the crystallinity. The intensity of peaks on the diffraction pattern of PMAA-g-CS/B also indicates that the crystallinity decreases after functionalization, 2 = 16.48°. The change in d spacing and width shows that there is a substantial decrease in crystallinity of CS on modification. In general, modified CS decreases its crystallinity compared with original CS. After Pb(II) loading onto PMAA-g-CS/B new broad peaks at 6.02°, 12.16° and 16 .32° was due to the decrease in space between the polymer lattices after Pb(II) sorption. This also indicates the involvement of active surface moieties for Pb(II) adsorption.
The surface structural features of the CS, PMAA-g-CS/B and Pb(II) loaded PMAA-g-CS/B were studied using SEM. The micrographs obtained for these materials are shown in Figure 2(A) . The surface of CS is non-particulate and abundant in folds. The PMAA-g-CS/B polymer composite displays a more extensive unfolded 3D network; it is attributed to the cross linking reaction leading to the formation of closely packed chain rearrangement. The SEM pictures of polymer composite verify that graft polymers have a porous structure. It is supposed to that these pores have the region of water penetration and interaction site of external stimuli with the hydrophilic groups of the graft polymers. A SEM picture also shows that there is a crack on the surface which confirms the miscibility of the prepared polymer composite. When polymer composite is loaded with Pb(II) it shows a highly porous film structure. After Pb(II) adsorption, the SEM image shows the uniform distribution of Pb(II) ions on the surface of PMAA-g-CS/B. So we can conclude that the adsorption experiments are highly effective. The TG/DTG curves for CS and PMAA-g-CS/B are shown in Figure 2(B) . The first set of decomposition was at 80 -100 °C region, with a mass loss of 5-8 % is due to the loss of water that was physically adsorbed on the material surface. The second stage reached a maximum of 294 °C for CS and 230 °C for PMAA-g-CS/B. It is having the mass loss of 34.7 and 24.3 %, respectively. The third stage decomposition for CS and PMAA-g-CS/ B are in the range of 310-650 °C having a mass loss of 92.0 and 85.0 % respectively. From the DTG curve it is noted that chitosan shows three decomposition stages with maximum temperatures at 95, 294 and 498 °C and PMAA-g-CS/B shows maximum temperatures at 247, 403 and 530 °C. This decomposition pattern indicates that thermal stability of PMAA-g-CS/B is much better than CS. Density of the adsorbents was calculated by Picnometric method in which water was used as a displacing liquid. The density of CS and PMAA-g-CS/B was found to be 0.8 and 1.33 g/mL, respectively, and the values of Cation Exchange Capacity (CEC) of CS and PMAA-g-CS/B were found to be 1.54, and 2.24 meq/g, respectively. The surface area of CS and PMAA-g-CS/B was determined using BET N 2 adsorption method and was found to be 13.4 and 29.7 m 2 /g, respectively.
Adsorption experiments Effect of pH
The initial pH value of the solution has a significant effect on the adsorptive uptake of metal ions presumably due to its impact on the surface binding-sites and also the surface charge of the adsorbent. The results of the effect of pH in the range of 2.0 -8.0 on the removal extent of Pb(II) are summarized in figure 4(A) . At low ph conditions, H + cations compete with Pb(II) cations and occupy the exchange sites on PMAA-g-CS/B. The surface charge of PMAA-g-CS/B was also illustrated in Fig  4(B) . In Fig. 4(B) , pH ZPC for PMAA-g-CS/B is about4.3. At pH <  , the surface of the sorbent is positively charged , while it is negatively charged at pH> . Hence repulsion between Pb(II) species and positively charged surface at stronger acidic conditions. Hence, increase the pH, this repulsive interaction decrease and the removal of Pb(II) also increase. This phenomenon was happened by increasing the pH from 1 to 4.5 and then the deviation is negligible to pH 5.0. At this pH lesser number of H + ions are present in the medium and also lesser number o surface adsorption site will be protonated, and can be remove more Pb(II) cations from solution. An undesirable sharp increasing trend was observed at the pH range of 5.0-6.0, which was attributed the precipitation of Pb(II) cations starts from a pH of 5.5. To eliminate this effect, the extent of Pb(II) precipitation was studied with respect to blank solutions without PMAA-g-CS/B at each pH. After the pH of 5.5 significant precipitation was observed which illustrate the negative impact on the removal of Pb(II) by ion exchange processes thus the removal of Pb(II) with pH was optimized at a maximum pH of 5.5. As increase in pH the competition between hydroxyl anion and Pb(II) towards adsorption sites and adsorption of Pb(II) ions concentration was declined and concentration of OH -increases. Among these adsorption models, the best correlations were observed for Langmuir model. The values of R 2 and  2 obtained for the adsorption of Pb(II) on PMAA-g-CS/B follow Langmuir adsorption isotherm. The fact that the Langmuir isotherm fits the experimental data very well may be due to homogeneous distribution of active sites on PMAA-g-CS/B, since the Langmuir equation assumes that the surface is homogeneous.
Adsorption kinetics
Batch kinetic experiments were performed to determine the time required for Pb(II) adsorption process to reach equilibrium kinetic results are presented in Figure 5 (B). It can be seen that Pb(II) adsorption onto PMAA-g-CS/B composite reached equilibrium after a certain time of ~180 min, yielding a maximum adsorption of 51.5, 72.9, 82.3 and 98.7 mg/g at an initial concentration of 100, 150, 200 and 250 mg/L, respectively. Based on these results, a contact time of 3 h was selected for all subsequent batch experiments. Pb(II) uptake increases with the increase in initial Pb(II) concentration. This is due to the presence of more number of Pb(II) ions in the solution. To interpret the experimental data properly, it is necessary to determine the steps in the adsorption process, governing the overall removal rate for the system. Also, the rate-limiting step is important in the field application point of view. The rate-limiting step of the adsorption process can be calculated using the pseudo-first-order and pseudo-second-order kinetic equations (11) .
The non linear kinetic equations may be written as pseudo-first-order: 
Desorption and Regeneration Studies
Desorption tests were carried out using different types of 0.1 M desorbing agents such as NaOH, Na 2 SO 4 , NaCl, NaNO 3 , HCl and HNO 3. The percentage desorption for NaOH, Na 2 SO 4 , NaCl, NaNO 3 , HCl and HNO 3 was 56.3, 61.4, 62.9, 66.3, 82.1 and 97.2 %, respectively. Among these, 0.1 M HNO 3 was proved to be the most suitable desorbing reagent. After four cycles, the adsorption capacity of the PMAA-g-CS/B decreased from 99.8% to 90.1%. And the recovery of Pb(II) ions in 0.1 M HNO 3 decreased from 97.2 % in the first cycle to 81.0 % in the fourth cycle. Adsorption-desorption operations illustrating stabilized performance of the sorbent in repeated cycles.
CONCLUSIONS
In the present study, a novel adsorbent, PMAA-g-CS/B composite was prepared and characterized. Its efficiency in removing Pb(II) was tested by batch adsorption technique. The pH 5.5 was found to be optimum for the adsorption of Pb(II) on PMAA-g-CS/B. Upon various models applied the pseudo-second-order kinetic model and Langmuir isotherm model gave good correlation with the experimental data. Attempts for quantitative removal of Pb(II) from simulated battery manufacturing wastewater using variable adsorbent doses were employed and satisfactory results were obtained. Repeated adsorption-desorption study showed that PMAA-g-CS/B can be effectively used as an adsorbent for the removal and recovery of Pb(II) from aqueous solutions.
